We describe ten cases of aortitis due to Salmonella that were treated at the University of Toronto-affiliated Hospitals between 1978 and 1997. Predisposing conditions included hypertension, diabetes mellitus, and myelodysplastic syndrome. Main presenting symptoms were fever and abdominal and back pain. The most frequent site involved was the abdominal aorta, followed by the thoracic aorta. All but one patient were treated with intravenous bactericidal antibiotics; seven also underwent surgery, four with axillobifemoral grafts and three with in situ grafts. Four of seven patients died within 1 month of the surgical procedure (three patients with in situ grafts and one patient with axillobifemoral graft). We also reviewed the pathogenesis, clinical and laboratory characteristics, and treatment of 140 cases of aortitis due to Salmonella reported in the literature since 1948. The use of bactericidal antibiotics, together with early surgical intervention and longterm suppressive antibiotic therapy, has led to improved survival.
The incidence of reported infection due to nontyphoidal Salmonella has increased dramatically over the past 15 years in western countries [1] [2] [3] . Salmonella infections may be divided into five categories: gastroenteritis, enteric fever, bacteremia, localized infections, and the chronic carrier state. The most serious localized manifestations outside the gastrointestinal tract include endovascular lesions, osteomyelitis, and meningitis. Vascular infections due to Salmonella can involve the thoracic and abdominal aorta, as well as coronary arteries, peripheral arteries, or vascular grafts and prosthetic valves [4 -7] . Aortic infections are much more frequent than infections of the peripheral arteries, and the majority of these involve the abdominal aorta [8] . Nearly all cases of aortitis due to Salmonella result in formation of an aneurysm or, less commonly, in enlargement of a previously existing aneurysm [9, 10] . Most patients with aortitis due to Salmonella have preexisting atherosclerotic disease at the site of the subsequently infected aneurysm.
We present 10 patients with mycotic aneurysms of the aorta secondary to salmonella infection and a review of the French, German, and English literature on infection of the thoracic and abdominal aorta due to Salmonella.
Methods
This report describes the clinical and laboratory features and outcome of 10 medically and/or surgically treated patients with aortitis due to Salmonella seen at three University of Torontoaffiliated Hospitals between 1978 and 1997. The patients were identified from medical records from the Division of Infectious Diseases' database at the Toronto Hospital, the Mount Sinai Hospital, and Womens College Hospital; these three tertiary care centers are located in Toronto, are affiliated with the University of Toronto, and have a combined capacity of ϳ1,500 beds. We also searched the French-, German-, and English-language literature from 1966 to April 1998 by means of MEDLINE and reviewed references for additional cases before 1966. A definite case was one for which a sample that yielded Salmonella species on culture was obtained from either the aorta or an aortic thrombus. A probable case was defined as one with a clinical diagnosis of aortitis [1] (prolonged fever after gastroenteritis, especially with a known or palpable aneurysm; pain in the back, abdomen, or chest; vertebral osteomyelitis; or paravertebral mass) in the presence of blood cultures positive for Salmonella. We also required sufficient information to evaluate the patient's clinical characteristics and outcome [2, 4 -6, 8 -88] . We found a total of 140 cases of infection of the thoracic and abdominal aorta due to Salmonella that were reported since 1948 (63 definite cases and 77 probable cases). In our analysis, we included clinical and laboratory features, therapeutic interventions, and outcome to try to elucidate the factors that have affected survival.
Results
The clinical and laboratory features and outcome of the 10 cases in our hospitals in Toronto are described in table 1. The mean age of the patients was 66 years (range, 42-76 years), with a marked male predominance (seven men, three women). Underlying conditions included hypertension (six), diabetes mellitus (five), rheumatoid arthritis (one), polymyalgia rheumatica with chronic steroid use (one), and myelodysplastic syndrome (one). The main presenting symptoms were fever (six), abdominal pain (six), and back pain (three), followed by constitutional symptoms such as fatigue, malaise, weakness, or weight loss. The mean duration of fever was 31 days (range, 2-60 days). The most frequent site involved was the infrarenal portion of the abdominal aorta (six), followed by the thoracic aorta (three). Leukocyte counts were usually moderately elevated, with a median value of 16 ϫ 10 9 /L (range, 9 -72 ϫ 10 9 /L). Cultures of blood were positive for all but one patient; the median number of positive blood cultures was two (range, one to seven). Cultures of stool were also frequently positive (for three of the four patients for whom they were performed), although only one patient had concomitant diarrhea. The most frequent causative organisms were Salmonella typhimurium (four) and Salmonella enteritidis (four). Although CT scan is now considered the method of choice for diagnosis of mycotic aneurysms, six of the cases reported in this series were initially diagnosed by ultrasound. Angiography was used to confirm the exact location of the aneurysm in most of the cases. All patients but one were treated with intravenous bactericidal antibiotics. Seven also underwent surgery: Four received axillobifemoral grafts and three received in situ grafts. Overall, eight patients died. Four of the seven patients who underwent surgery died within 1 month of the surgical procedure (all three patients with in situ grafts and one of the four patients with axillobifemoral grafts). One of the patients with an axillobifemoral graft died 2 months after the intervention, and two other patients were still alive 3 months after the intervention. Long-term suppressive antibiotic therapy was used for two patients; both of them survived (one was lost to follow-up at 3 months and the other one is currently alive and doing well Ͼ12 months after surgery). The three patients who did not have surgery all had thoracic disease and died within 6 months. Overall, eight patients died from the aortitis, and the only two survivors had 3-12 months of follow-up. Both of them had received axillobifemoral grafts and chronic suppressive antibiotics.
The major clinical features of the 140 cases reported in the literature are summarized in table 2 [2, 4 -6, 8 -88] . These cases represent a combination of definite and probable cases. The mean age was 61 years. There was a marked male predominance, with a male-to-female ratio of ϳ3:1. Most patients presented with a subacute course, with a mean duration of symptoms of ϳ1 month, although this was highly variable, with a range of 1 day to 6 months. The most frequent predisposing condition was diabetes mellitus, reported in 25% of the patients. Other underlying illnesses included hypertension, a history of gastrectomy and/or peptic ulcer disease, alcohol consumption, cirrhosis, and renal transplantation. Coronary disease was documented for 9% of patients and likely serves as a marker of preexisting atherosclerotic disease of the aorta. Overall, only 17% of the reported cases of aortitis due to Salmonella arose in the thoracic aorta. The majority of cases involved the abdominal aorta, more precisely, its infrarenal portion. The main presenting symptoms were fever and abdominal and back pain in both abdominal and thoracic aortic infections. In thoracic infections, however, chest, abdominal, and back pain were reported in only 17%-21% of the cases. Fever was often the only symptom at presentation. In both abdominal and thoracic infection, the paucity of localizing symptoms should be emphasized. Finally, symptoms of aortoenteric or aortobronchial fistula were rather uncommon, reported in 1%-4% of cases.
The laboratory data are shown in table 3. Leukocytosis was reported in 64%. Cultures of blood were positive for 85% and cultures of stool for 65% of patients. Gastroenteritis was rarely reported, even among patients with positive stool cultures. S. typhimurium was the most commonly isolated organism, followed by S. enteritidis and Salmonella choleraesuis. The diagnostic methods reported in the literature are summarized in table 4. The diagnosis was made in the operating room or at autopsy almost exclusively in the earlier reports, when sophisticated diagnostic imaging techniques were not available.
Complications of aortitis due to Salmonella reported in the literature are summarized in table 5. Complications observed in conjunction with infected thoracic aortic aneurysms included aortobronchial fistula in 17%, pneumonia in 4%, and thoracic osteomyelitis in 4%. Infected abdominal aortic aneurysms were complicated by lumbar osteomyelitis in 19% and aortoenteric fistula in 13%. As expected, the third portion of the duodenum was the most common site involved in aortoenteric fistulas, since this portion of the duodenum overlies the infrarenal aorta. Finally, a psoas abscess was reported in 9% of the cases of abdominal aortic infections.
The overall mortality from aortitis due to Salmonella was 60%: 96% of the patients treated only medically and 38% of the patients treated with a combined medical and surgical approach died (table 6). Among the patients treated medically, the leading cause of death was rupture of the aneurysm (70%).
The patients treated surgically can be separated into two categories: ϳ64% of them had an in situ graft, and approximately half of these survived. The remaining 36% had extraanatomic bypass with the construction of an axillobifemoral graft; 77% of these survived. The postoperative complications among survivors were often not specified in the literature, but we noted nine instances of leak and/or rupture with reoperation and four cases of recurrent infection outside the operative site in the group of patients with in situ grafts. In the group of patients with axillobifemoral grafts there was no case with a leak or rupture, five cases of recurrent infection outside the operative site, and three cases of arterial emboli. The causes of death among surgical patients were anastomotic leak for eight and recurrent infection for six patients with in situ graft and arterial emboli for one and recurrent infection for four patients with axillobifemoral graft. Long-term suppressive therapy with once-daily oral antibiotics (ciprofloxacin or trimethoprimsulfamethoxazole) was reported for 13 patients with in situ graft; 12 of these survived. Four patients with axillobifemoral graft received long-term suppressive therapy, and all of them survived.
Discussion
Salmonellae are motile gram-negative facultative anaerobic bacilli of the family Enterobacteriaceae. Salmonella typhi and Salmonella paratyphi infect only humans and therefore can only be acquired through proximity to an infected person or a chronic carrier. Nontyphoidal salmonellae, on the other hand, are widely disseminated in nature and are commonly associated with some animals (e.g., chickens and turtles). Sources for human infections are usually food products. Human carriage of nontyphoidal salmonellae plays a negligible role in transmission, since most are acquired through foods. The incidence of infections with nontyphoidal Salmonella has increased dramatically since the 1980s. An estimate of 0.8 -3.7 million of cases of nontyphoidal salmonellosis occur each year in the United States [2] .
Mycotic aneurysms are localized abnormal dilatations of the arterial walls that develop secondary to an infective process that causes destruction of the vessel wall. They are rare and represent only 2.6% of all the abdominal aortic aneurysms [9] . Most patients with aortitis due to Salmonella have preexisting atherosclerotic disease at the site of the subsequently infected aneurysm [10] . In one study of patients with bacteremia due to Salmonella, 25% of those Ͼ50 years of age developed an endothelial infection [7] . In our series, all but one patient had significant risk factors for atherosclerosis. This reflects the ability of salmonellae, which have also been reported to invade normal arterial intima, to cause endothelial infection in the presence of atherosclerosis [5] . The predominance of older diabetic men with or without hypertension among patients with mycotic aneurysms due to Salmonella is likely because of the increased incidence of atherosclerosis and intimal damage among these patients. Recently, bacteremia due to Salmonella has been noted in many patients with HIV infection; however, aortitis rarely occurs in these patients because they are younger and without the above risk factors [81] . The clinical picture of aortitis due to Salmonella consisted almost invariably of fever, back pain, and/or abdominal pain. Continuous or recurrent bacteremia is often, although not invariably, present, and the leukocytosis is usually moderate.
The diagnosis of aortitis due to Salmonella begins with the practitioner suspecting an ongoing infection involving the aorta. CT scan with contrast enhancement is considered the method of choice to diagnose mycotic aneurysms because of its ability to detect the early changes in the arterial wall and the periaortic tissue, such as irregular peripheral enhancement of the aortic walls [60, 65, 71, 78, 89] . As the infectious process progresses, the peripheral enhancement rim becomes thicker and more irregular, consistent with periaortic inflammation and hematoma ("false aneurysm"). Loss of intimal calcifications may be seen and may precede the development of an aneurysm or sudden perforation. An adjacent collection of blood, fluid, or gas or adjacent vertebral osteomyelitis on CT scan may suggest infectious aortitis. Arteriography may subsequently be performed for confirmation or surgical planning. It does not detect the early changes produced in the arterial wall or in the periaortic tissue.
Several factors appear to be responsible for improved survival among patients with aortitis due to Salmonella. First, earlier diagnosis is possible because of increased awareness of this syndrome, and contrast-enhanced CT scan is usually available for use whenever the diagnosis is suspected. Second, antibacterial therapy has improved with the use of bactericidal antibiotics such as ampicillin with or without gentamicin, trimethoprim-sulfamethoxazole, fluoroquinolones, or thirdgeneration cephalosporins. Chloramphenicol, a bacteriostatic agent, is not adequate for the treatment of this life-threatening infection.
In our case series and literature review of a total of 150 patients with aortitis due to Salmonella, we found that early surgical intervention has greatly increased survival and is the treatment of choice [70] : The mortality rate was 37 (40%) of 91 after combined medical and surgical intervention and 53 (96%) of 55 after medical therapy alone. Surgical procedures should include resection of the infected aorta, with wide debridement of surrounding infected tissues, followed by reconstitution of the arterial flow with an extraanatomic bypass outside infected tissue planes. This is usually done with axillobifemoral grafts. This approach is associated with the least postoperative complications and best survival rate: 25 (71%) of 35 patients with axillobifemoral grafts survived in our case series. Somewhat inferior results have been reported in cases in which in situ grafts were used: 29 (51%) of 57 patients survived. Bactericidal antibiotic therapy should be continued for at least 6 weeks after the surgical procedures. Finally, long-term suppressive therapy with daily oral antibacterial therapy seems to improve survival in patients who have undergone surgery [75] , although no randomized controlled trial has formally proven this as-sumption. Antibiotics without surgery are not effective and are associated with a very high mortality.
On the basis of our review, the following would be optimal management of aortitis due to Salmonella. The diagnosis of aortitis due to Salmonella should be established as early as possible to reduce subsequent morbidity and mortality. In particular, patients Ͼ50 years old, who have had blood cultures positive for Salmonella along with fever, back and/or abdominal pain, or chest pain, should have an extensive workup for aortitis due to Salmonella and aneurysm formation. Aggressive bactericidal antibiotic therapy should be rapidly initiated and subsequently adjusted on the basis of susceptibility data. Diagnostic imaging studies should be performed as early as possible. If the diagnosis of aortitis due to Salmonella is made, surgical resection should follow once adequate antibacterial therapy has been started. A procedure associating resection of the infected aorta with wide debridement and extraanatomic bypass grafting should be chosen whenever possible. Highdose bactericidal therapy should be maintained for at least 6 weeks after the operation. Subsequently, long-term suppressive therapy with a bactericidal antibiotic should be used. Finally, symptomatic patients should have repeated blood cultures to rule out recurrence. Thus, while mortality remains high, the advent of improved diagnostic imaging techniques, the use of more potent antibiotics, and surgical advances can lead to improved outcome in affected patients.
